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ible solid resins without evolving water or other 
oy-products. 

Use: Molding, laminating, impregnating, cast- 
ing, automotive and aircraft structural parts 
wall panels, table tops, coating for paper, boat 
hulls, chemically inert tanks, large-diameter 
pipe. 

vie-. Prefix meaning vicinal. 

Jacjnal^ (abbreviated as vie-). Neighboring or 
adjoining positions on a carbon ring or chain- 
the term is used in naming derivatives with sub- 
stituting groups in such locations in a structural 
formula or molecule. For example, vicinal loca- 
tions in the molecule shown are occupied by the 
hydrogen atoms and the hydroxyl groups: 

H H 

I I 
— C— C— 

! I 

HO OH 

"Victacld 105" IStauf/er). TM for a high- 
strength product of approximately equal quanti- 
adds orth °P hos Phoric and polyphosphoric . 

Use: Dehydrating agent for organic reactions 
sequestrant for heavy metals, and control of 
P 2 O s content of bath process for electropolish- 
mg and bright-dipping metals. 

"Victamide" \Stauffer\. TM for exceedingly 
line particles of ammonium salt of an amido 
polyphosphate, practically all below 5 microns. 
Slowly soluble in cold water, more rapidly in hot 
water. 

Use: Sequestering agent for metallic ions, name- 
proofing agent, deflocculating agent for oil-dril- 
ling muds, paint pigments, and clay slips. 

"Victawet" IStauffer]. TM for surface-active 
phosphorus compounds. Anionic and nonionic 
wetting agents, used as penetrants, dye carriers, 
ana dispersing agents. 

"Victor Cream" IStauffer]. TM for sodium 
acid pyrophosphate. Purity meets all require- 
ments of federal and state pure food laws- FCC 
grade. * 

Use: Baking acid in doughnut and prepared 
nours, manufacture of commercial baking pow- 
« ^.instant puddings, for conditioning oil- 
well drilling muds, formulation of acid-tvDe 
metal cleaners. 



^hlnt? 0 ^ M ^ le , r ' S . ketone is condensed with 
pnenyl-oc-naphthylamine 

^in D r n8 - f K W ^ 01 ' and co "°n; biological 
m^uotrr^ 6 ** acid 

Victoria green. See malachite green. 

"Victory'' {Petrolit*. TM for a plastic grade of 
petroleum microcrystalline wax. 

Vi Wh L & °- 1 woo H ike fi »>er obtained from a 
South American animal similar to the llama. 

CombSe y high ' gradC C ° atS> SWeaterS ' etc - 
vidarabine. Generic name for ara-A. 

''Vrl^ty^h™ for an ""identified 
growth factor for addition to animal feeds. De- 
rived from dried streptomyces fermentation sol- 
uoies. 

"Vikane" {Dow\. TM for sulfuryl fluoride. 

''VJktoo\»lAtochemh TM for high-melting- 
point wax, even carbon chain, primary and sec- 
ondary alcohol. 

Use: Cosmetics-hardener to eliminate greasy feel. 

"yikonex"lAtochem]. CAS: 8016-11-3 TM 
for epoxidized linseed oil. 
Use: Plasticizer, stabilizer, acid scavenger. 

Vilsmeier-Haaek reaction. Formulation of acti- 
vated aromatic or heterocyclic compounds with 
disubstituted formamides and phosphorus oxy- 
chlonde. J 

vinri fiber. Generic name for a manufactured 
fiber in which the fiber-forming substance is any 
ong-chain synthetic polymer composed of at 

™ ^°J\ by Weight of vinvl alcoho1 ™its, 
i u i 2 and in which the total of th « vinyl 
alcohol units and any one or more of the various 
acetal units is at least 85% by weight of the fiber 
federal Trade Commission). It has good chem- 
ical resistance, low affinity for water, good re- 
sistance to mildew and fungi. Combustible. 
Use: Fishing nets, stockings, gloves, hats, rain- 
wear, swimsuits. 



Victoria blue. (CI 44045). C 33 H 3] N 3 -HCI. 
Properties: Crystalline powder; bronze colored: 
soluble in hot water, alcohol, or ether 



vinegar. 

Properties: Brownish or colorless liquid, dilute 
aqueous solution containing 4-8% acetic acid 
depending on source. Legal minimum is 4%' 
Also contains low percentages of alcohols and 
mineral salts. Non-flammable. 
Derivation: (1) Bacterial fermentation of apple 
cider, wine, or other fruit juice. (2) Fermenta- 
tion of malt or barley. The fermenting agent is 



^o. AVAILABLE COr r 



JT7NE 1D00 O* ORGANIC I30CYANATES. I H>°9 

[Cu>;r«:iu.-T.oN kuom ths Hjkseaeloh Dj.vblop^bnt Division of Dai*ip*on Pkin-txnu Ink Mfg. Co,, I/ra. J 
Reactions of Organic Isocyanaies. I. Reaction with Alkylcne Carbonates 
| RYUICHHIO TSUZTJKI, KTYOSFI ICHiKAWA, MITSTJO KASE 

Received Odol«r IB, l^V 




iiiiux' iua* of vuriiww feocyjumtee mid corboflutcs were ^u«xaTTilDfid. 



Tjl reiM-nt yinus. Jones unci Snvill 1 tried to prepare 
A-subsiituted oMusnlidouefl by condensation, of 
epoxides with aromalic icwyftnates in the prince? 
of basic raialwt, and found that the trhnerizatfcm 
of j.-pnysut&iie fttone proceeded smoothly contrary to 
their expectation. 
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]n the «:miPw »>f u study on puiyurediaue i-ossting 
iimtt<riul ushijj diisocyanale. w- found. indn*™ 1 - 
oin iy of June's work, thab the mixture of toljtfcmi 
diitfccvanutc and epiehlorohydrhic was polymerized 



to tolylene diisncyanatR without ethylene carbonate 
did not show any reaction at all under similar 
conditions- The high polymer thus formed, when 
heated at 130° or above, began to decompose with 
a large aniuuiit of carbon dioxide evolution and 
finally a highly viscous substances was left- 

In order to investigate this polymer formation 
and decomposition reaction, we used a model ex- 
periment of monofunctional isoeyanates. When 
phenyl isocyanaxc, ethylene carbonate:, and a trace 
of JV-methylmorpholine were heated at 70 3 for a 
few hours, a crystalline mass wa.* formed and after 
further heating for about an hour the irritating 
odor of isocyanate cumplerely disappeared. This 
crystalline product (I) oan be recrystallized from 
various organic solvents and has a melting point of 
222°. I, when heated above 130°, preferably in the 
presence of excess carbonate, began to decompose 
with evolution of carbon dioxide, and 3-phenyl- 
oxazoHdone-2 (ITj was isolated in excellent yield 
from the residue. The amount of carbon dioxide 
evolved was also almost quantitative (one mole of 



frtiarv amine, t6 produce » insoluble end iufua- These processes ca» be shown as follow 



ble jWinons product, Succeeding experiments have 
revealed that this polymerisation was based on base- 
raralvzed trimerizatioif of the ISCO- group, greatly 
acwleruicd in the presence of l f 2-epoxides. 

This unexpected phejiomcnon has led us to 
rxwiul thf rtHwafch to a wider scope, not nnlyjwith 
ppoxy compound* but also with other typg* of 
nwtive eyi'li" compound*. As ft result wis .have 
i«mud a series r»f interesting new reactions nf organic 
i«ic.vsm:irtei. and in tiiis paper wc report the miction 
with nlkvlcuie carbonates. 

Tiw ivnciuiu bctwtsfcn Lsocyaiiatcs and alkyleiic 
r:trl «nuue« h:i* noL yet been inputted i" the litera- 
ture. No change ATftS obsservdd when thrse two r «wer* 
mixed in the absence of wtHFjtet, but an apparent 



c*h 5 >jco + 



CHs— O 



70° 



(T) 



ethjrli.ni. carboy afe* 
> 



reac-f inn wa.i observed on adding a trace of teMy 
amine. For kxiampte, if'a^feW^ps df /iV-m^hyl- 
morpholinc ^asintcoduced to the rruxturc of ftolyl- 
enfe diisocryanate'and : ethy.1ene carbonate, -tty vis- 
cosity gradually increased ^-ith considera,blo. heat 
evolution, and finally a transpoieht .'brittle; resinous 
product was formed, Tvhilc the addition of catalyst 
~\) jiLJ^ttM anvl N. G, Savill, J. Ctenu Soc. t 4392 \ 1957). 



CH 8 d-f-co, 

CH? 
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Analytical data of I agree >vitli the formula 3(C«H&- 
NCOJ^CoTUOO. If treated ivitli dilute mineral 
acid or hot water, i gave triphenyhsocyanurate 
(TJ I). On the other hand, on heating III aud ethyl- 
ene carbonate \n an inrrt solvent, £i crystalline 
product was obtained which was shown to be I by 
iU melfcing point and by its infrared absorption 
spectrum. 
CJT. CO C*Hi 
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Fig. 1. Lifrai'ud spectrum uf I (solid In KBr) 



The infrared spectrum of I contains almost all 
the principal bands of III and ethylene carbonate 
and no new peak of appreciable strength appears. 
"Molecular weight of I determined by Itast's method 
was 230, about half the value of that calculated for 
Ihe formula 3(C B H 6 KCO) -CacLOa. I : £ives a clear 
x-ray diffraction pattern, -which is quite different 
from those of UI and ethylene carbonate. From the 
facts described above, I is best represented, avc 
think, ms an equimolar molecular complex of III 
and ethylene carbonate. The difference between the 
calculated and observed values of molecular weight 
might be explained by complete dissociation of the 
complex to the .separate parts under the condition? 
of the molecular weight determination 
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Direct evidence Ls not presented thiri paper to the 
effeft that I is really a molecular complex. Tnter- 
action force? between the component a?id effects 
of subsMtiicuts will be discussed later. 7 

From these model experiments it }x clear that 
iho base-cat aliped triinerization of IhtiiNCO- group 
exceedingly accelerated by the j presence of 
ethylene carbonate, and the trimci?. formed a 
molecular complex with ethylene carl>Onate. 

In the. QiiiK' of cliisocyaiiate a threej-dimensuuial 
polymer is thus Formed, which has a network struc- 
• uro knotted by an hsocyanurate ring. AVc think 
thotfo polymers should he called .j, ,f 3 *oly isocy- 
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An isocyanate trimer, unlike its di/ner, in known to 
be very stable toward various reagents.* To our 
surprise,. I reacted with certain reagent* jrxiJIc^; 
with the corresponding isocyanate trirri« :T , j^ 6 
instance, heating -with aniline at 100° C'/rivortcd I 
to diphenylurea in good yield, whorc;a:-; trijfu. r was 
recovered unchanged under tho same; ':orjditj f>n 
Lower alcohols did not atlaek I at rt;{\n K ] Ti$[ \ v ^ 
pcraturc, but a higher one, for exar/jpjr-* oct ariu f 
gave its carbardlate almost 'iuantfuUvf-Iy 0 ' 
heating at 170°. In this case ata>, carUnilato for- 
mation did not proceed at all with Irirw ulorjo 



1 + S CflHsNH* - 
1 + 5 CftHnOn ■ 



Aliphatic ^ isocyanatcs reacted whh alkylene 
carbonates in a similar way, hut. rnor': -;I*,y/|y to 
produce uorreKponding trimors, nnr] h»_-p: u M; f,^^^ 
tion of oxazolidone with eliminat >'if, ,,\ ^ir\ityti 
dioxide itemed rather difficult, ! Ii : *.,.; f| ,.f \ x y\ VTlii 
diisocyanatc, for example, after lir-alin? i^f)'* j- t)r 
one and a half hoiins gave a lislti-c:ij#ni fl | \ rrtIWl- 
parent resin, which was difficult io dfi.. <MM p t> ^ : at 
higher temperatures. When the mutm-i. ,,f ^.j^yi, 
irocyanate and ethylene carbonate wus h^ai* j j n tne 
presence of catalyst, at 120— l;;o*. i-oi : y : , h:i | (: was 
entirely consumed after a few h'jun-, i^/, 0 jj 
layer.? separated on cooling. They wn n: tc ^nizod 
to be tri-n-blltynsocyauurute ntjrl MhyW.,,,. carbon- 
ate, respectively. Isolation of u molr fi,h,f c-i, ril p| cx 
of the type described above \\*< rin an-r;r- :% f„j i tJ 
case. 



and 
■ lid 



Various yiftra-iaibstiluted phe nyl ivi» y;ni ;t n^ 
some alkylene carbonates were uUm < ::<;tr r rit 
«?ults are feied in Taljlc^ J. 

F.n ea^c of dichluinethylcnc- earb-inaf" ; ,nr] v i 
one carbonate f *ude reuctinns (i)^i:o?Hjn>..ii j#, tJ 
polyTnevizatioii of carbonate.) |iroc!f<.dcd pMdr.ioi 
nantly t»» produce dark substniif:!,-, ;uj< ) ,„.iJ.j tur 
complex nor uxazolidone could l*«: of,|;jjn<.d 

N ;Wtu 1 1 !-0rj { XriLifm.it Aiiilxtu* I Itvt.ic^ji. ,Mln-.| < "|.,.|nii-tl 
C.Wp.'; wfm iLsrvJ iiK loIyUntt! tliiajfir^Hiuit". w\\,\ t rlihiiiuu/m 
U'fmt? US!.». Viiri«U3 monewcyanjatts mi-ii. [.ri-i^rr:.! fp,in 
the i:t.m:s|HriKling amhx-s by plu^i-nn Li..|j in i | A i , JJ4llU( ( 
way. Thftir boihjlg iXUHLs \\t:rc: pln-nvl, C,| i\r t f*y t ||s j n \. 
p-frhlorophcx^l, (2J mm.}; p«tolil a 7«J Kl" f *;o Jum ')' 

•^thoxyphcm-J, 1*24^ (21 mm.); n-hutyf, I M m;-. r( .., !M ! r ; 
tiveiy. TriaryliRir:yaniir;\tes "were ohUirif»J r niIf| L |' h , ri , r ^.. 
t?jKjndirig monomers by sUtadins ovorni^lil. w\\U f a...ut :uj 
equal amount of epu.xltlu, for eNani|iJ, : i!j^Ji|.,ici| iyi inri P 
and a small amount of tertiary amirip, T\u z y nmrt\\ Y ricua- 
rated almost quantitativ«ly big eryniaU. Ari,.' r i;ii7-rin^ 
and washing thpy were pure enouj-ii fi,r r, u , Mi |MJr|lf|Sl2i ^ 



(2) R. G. Arnold, J. A. Nelson, and •I. .i. Vtsl-ljniif 
£^57,47(1055). 

(3) M. S. Newman and H. W. Addnr ./ 
iSoc > 77 1 37«!>(19o5). 
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Tswyanate 



PhenyU 

p-CHj-PhenvL 
p-C^O-Phvuvl- 
2,4-TolvletiL'di- 
n^ButyU 

ITr\'a mc t h vlened i- 
PUenyl- 



llatAraoy I'Kooufrrs i s noM Ibo^taxams and Ajjctlkot Carbonates 



M.P. or 
THmer, °C. 



273 
'322 

240 
3»< 

1>,:14S-149 
350< 
273 
273 



Carbonate 



Complex 



M.P., 



Yield, 



Ethylene- 

Ethyiene- 

Ethylene- 

tfthylene- 

Etbylene- 

Ethylene- 

Propyleftp.-* 

Chloroethylene- 



do WOe! Ol 1 1 »i ni >d 



220-222 
34D-(dec.) 

Natisolatad 
Nqt isolated 
Bedili 

Not isolated 
Resin 

ca. 1-10 (dec.)* 
c«. 155 (dec,) ft 



OS 
5ft 



55 

75 



Oxasolidone 



M.F., -a lleld, % 



117-11$ 
1 16-117 
90 

95-96 

Not ij?ol cited 



8L-S2 

Not ieolatial* 



92 
70 
63 
78 
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methyl ethylene carbonate. * Showecf indistinct decomposition point*. c ^Phfinvl-^met-hyl-oxazoli- 
On heating, violent-go* evolution wis observed, and a dark, resinous substance Was left. 

i 



Oili.ru.M.!iy!cni: cnrlxipoli: was FyntliCsiBud bv chlorinating 
•^ethyinne cnriwHialu bv Newman's method, 5 b.p. 115-116° 
C 1(7. A turn.). •{ 

Tfcrtj-tftin nf t*t*'hnwlU*o?%fartate with ethylene CQfbonalt. 
Tw n mixture of luMonediisoeyanrite, 17.4 p;.. and ethylene 
rai-bonar«. ; 35.2 it., added a few drops of #V-mcthyimqt- 
pbolinr, The h-mp.;r:iLuie began to rise within a few minutes 
and th- viM.-0-iiy al-o increased gradually. After about nin 
hour it could not be poured and finally a light yellow, trari?- 
pnr*n( rc*in wn> formed. If too ration catalyst ie present, trie 
renclion nntcprdu *o violently that the r^ir* is often partPy 
rharnM. Th* polv rruir this* former], when beared ov«jr 
lic^tm m> mel* ascflin wiiii the evolution of a Iarj*e 
amount r.f carhi ti rli<i*iJi-. The final product, after complete 
u:is K«»ncM9tioai. w;^ hijrhly viscous. Isolation of thp corrif- 
sfiondiTi^ hwi>»t^ilii|one was unsuccessful, T.f the resin usf 
finelv puwiloivd tmd was subjected to di-cmiiposition aft 
160°. 1 hr. we* enough for cuinplete degradation, j 

Hemtiofi of phcn]*li±Qt:tja7uzte with ethylene carbonate {p 
farm T, A sample of phenyl isocvannte. 13.'J jr. <jf 

ethylene* carboiuile. and a few drops of A'-Wthylroorpholinks 
www hailed at 7f>° for several hours. A crystalline ma^ 
was* r«irm;-il. suddenly in most, com, And aRer further heafr- 
itur nlvim rm hour the irritating odor of phenyl Lsocyauatk: 
pomplfti.ly disappeared, nod then the reaction vva.s rompl«ifi. 
Afli-r 'i^jlin^. (.Ju: product was filtered and wru?hed n-itb 
^-^Jrl bi^nzfn^ t\\'o or three tiaic»R to Temnvp pvrftg« carlionawj. 

u-lii T. m.f). wnighrd 14.3 p. COS^r vioM). 

ivrQvralPsMii.h frt»m dry beitiuius, thn meltiiis point w:ip 
i^iso« I If » 221 »- 2*J 2 • , 

Amtl. for CaHnTUN, (443): <\ 04.7 Pt; H. UU'.A; 

\. fK4:i r ;. hound: C t 0-1.7:5^: TT t 4.55?;.: X, 9.04'.3- \Ui. 
wi. CTtn^l J» 22.-1 smil 335 (uvprage 230). : j 

Jltiictw't of ihtmitfliwtwjiale fiimrr with clkylene rnrhonnit. 
ly\\i\rv wn* nb'jiinoil ?iv>m monomer end p.vritline by Blairlt 
mot-hod^ A l.J-u. vamplo of dintcr >'m.p. ( lV;j°i arulVl.t) 
■■iliyli»ri«* t*;irii.fii:ili; in ( | r y bcnzimf* wi-n: hwitf-d to n:fluX 
*.vhh a Ir.i'-r nf :V-nrrjthyiin»rpholinc. On cooling iln: cleiir 
.Miltitinii I Ht-paifitril as white ra-<tllciB, m.p. 220 a . 

Fon$i!ttin» nf t /mm tnphvni/lixoet/on urate a ltd cihykn* 
Mihoimi*\ A 3.0-i;_ j»nmpi»« of triphcnyjisuriyanurat^ and l.J 
c. of lone earbonrvte wore heatol in 10 cc of dry beii 
*V n ?', ^I^wnyl^orytwnunito gradually di solved, and aft^jr 
dtslillirup ibt- solvent and rf'rr>'sLa!lizin« front lwnz«ne thure 
wo* nhiniu^l 2.G pr. nf T r which was Irkutificd )>y mcllinfr 
point and ini'mred npiictrum. \ 

S-Phen!d(Kcazon t fanc*2. A l4.S-g. sampli: of T t 1*2.0 p. of 
rr.tiyluTiu rarbonato. and a few drops of jV-mc-thylnurrphoIine 
were heated at 1<50°. Gay evolution wna obaerved iinir.edi* 



(4) J. Blair and 0. 
(XJ7C1&34J. 



Sinith; 7. .t?;u C/icj/k. »5o/: v 5d[ 



ately, and Lho reantioa was complete after a few houn:* Tbe 
mixture aolidified on eoolin^, and on washing with cold ttm* 
tu re or petrolextm ether-ethyl aectate (1:1) there waa ob- 
tahted 15.0 g, [02% yield) of crude I product H*pisated re- 
crystallization from ethanol rai.?ed the melting point to 
lt7-119 n . It was shown to be ^phenyloxasolidone-2 bv 
comparing infrared spectrum with an 'authentic samplel 
Similar results were also obtained when phenyl isoeyanate 
and ethylene carbonate were heated at 160° from the 
beginning. 

Reaction cf 1 with, amlint. A 4.iUg. sample of I and B.O g. 
of aniline w«re heated at 160° with a small amount of A"- 
metbylraorpholine. After about 3 hr. fine needles separated, 
which wa? shown to be -V,,Y'-diphenyluxen, m.p 4 2-14-235° 
yield 5.1 g. f80%). In the case of aniline and iriphenylko^ 
eyamirate (III) instead Of I, most of the starting material 
was recovered unchanged after a longer heating period. 

Tienctiorn of 1 wtVi 2-etfiyikeranaL A mixture of 5.0 g. of I r 
20 g. of 2-M.-thylhe^nnol [b.p. SH-So* (15 mm.}], and a small 
amuunt of A r -mcthylmoTpholiae was healed at 170-130° for 
7 hr. After about 0.5 hr. 1 wag completely dissolved. After 
dtetitlimz the excess alcohol, s.:j e . {90%) of a coloriese liqiud 
was obtained, b.p. 1G0-175* (5 mm,). After reetification it 
was shown to be 2-elhylhesyl Carbanilate 7 fTom a com. 
tmriKon of the infrared epectrum iHth an authcutiu sample, 

£?;^'! 7 ~ ] ^°,1 C3 I " m ' ) * 0u h,>!ltit ^ triphenvliso^yamtrate 
(TTT.U 2-ethylhoxanol and a traco of A r -melhvlmorpliolinR 
under the name condilion, (TTT) vhp recuvered entirelr un- 
changed. 

Ttmction of n-hutylisvcynnatf. awl tlht/J?nc rarltotuile, A 
*2ll,7-g. feiinple of n^bulylwricyaniLtu finrl 26.4 £. of ethylene 
cnri»oiiafe w T re healed with 0.5 R . of A'-methylmorpholino 
aL 120-1:30° for b hr. The lBoeyanate was thim completely 
consumed and two oily layer* separated on coolin«r. In the 
wiw where ethylene carbonate wa? not present, mdsr. of the 
isocyanau; \vn* Toroverud iinr-haa^d after rrnnNing for 30 
hr. in a bath of 140\ Diitillalion of llio reaction miactiuo 
Lind^r^reiluecd prepare guv* 24 g. of a colorlcsK liquid, b.p. 
14f)-152 p (1.5 mm.). It was identified as tri-a-butyiiaucya- 
nurnte, hy compuriiiR infrared st>eetrum with ati authentic 
sample. The authentic sample was prepared from w-butvU 
ifiueyanate by the oction Of eodium laethvlate b o 140- 
150° (2 mm.). ' 

AnoL Calcd. fur C^TT^OiXs! X, 14. 13%. F^und: N 
14.40<5 C - MoL wt, calcd, for C, a H w 0jS 3 , 2y7. Found (013^ 
scopic method, mtTobcDzene}, 304 (average of two deter- 
nunalions. 

Various isocyanates and carbonates. From mixturc?s of 
isocyanatea and carbonates other than those described 
above, were obtained the eorreapoofling complexes and 
oxazolidonns which are listed in Table I. Tbey wex* Identi- 
ficd^by melting point, analysis, and infrared spectra. 
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